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New Automatic Gain Control method 

Field of the invention 
5 [0001] The present invention is related to an 

automatic gain control (AGC) circuit that is commonly used 
in communication systems for controlling the received RF 
signal power. 

10 State of the art 

[0002] In a communication system there generally is 

an AGC circuit at the receiver side to keep under control 
the signal levels that enter the Analogue- to-Digital 
converter. There can be several possible effects that cause 

15 strong variations in the RF signal received . Too strong, an 
input signal of the A/D converter may lead to clipping of 
the digitised signal. From the viewpoint of precision it is 
advantageous to use as well as possible the ADC dynamic 
range. To optimise the receiver performance it is important 

2 0 to use as many bits as possible of the A/D converter (i.e. 
high precision/resolution) but to clip as few samples as 
possible. The Automatic Gain Control (AGC) should be set 
such that both goals are reached. 

[0003] In a typical prior art solution the signal 

25 from the RF part enters an adjustable gain amplifier. The 
control of the amplifier gain is the task of a block called 
'Energy estimation & gain calculation' . The main goal of 
this block is to optimise the input level of the A/D 
Converter. To obtain a high resolution the gain should be 
30 large, whereas to avoid clipping the gain .should be small. 
Thus there is a trade off between less clipping and greater 
precision at the output of the ADC. 
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[0004] The classical method is to measure the energy 

(or amplitude) of the signal coming out the ADC and average 
it over a certain period of time (equal to 1 slot for a 3G 
5 device e.g.). For every slot the result of the average 
energy is compared to a target energy and if target < 
energy then the gain is lowered; if target > energy then 
the gain is increased. 

[0005] The disadvantage of this method is that it is 

10 very difficult to set the target energy at a fixed value 
and to find a good compromise between clipping and 
precision . 

[0006] In the literature a lot of patents and papers 

can be found on the topic of Automatic Gain Control . They 

15 all present variations to the classical AGC scheme with 
small improvements. The closest related patents found are 
documents US6038435, US5566201 and US5469115. They all 
present more or less the same global scheme (power 
measurement, integration thereof, computation of the gain 

20 and feedback to variable amplifier) but with little 
difference in the gain computation method. 

Aims of the invention 

[0007] The present invention aims to provide a novel 

25 method to perform the Automatic Gain Control (AGC) in a 
receiver structure, allowing both a high precision at the 
output of the A/D converter and a low clipping level. The 
invention also aims to provide an apparatus making use of 
this method. 

30 
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Summary of the invention 

[0008] The present invention is related to a method 

to provide an automatic gain control (AGC) in a receiver 
structure, comprising the following steps: multiplying a 
5 received analogue signal with a predetermined gain setting 
to obtain an amplifier output signal, sampling the 
amplifier output signal, estimating the energy in the 
samples, calculating the average energy, characterised in 
that the method further comprises the steps of computing 
10 the percentage of clipped samples, calculating the target 
energy value, based on the average energy and the 
percentage of clipped samples, and the gain setting, and 
applying the updated receiver gain setting. 

[0009] Advantageously, in the method according to 

15 the invention a lower and upper limit are set for the 
target energy value and the target energy value is 
calculated as follows: 

• if clipping percentage is below the lower limit, 
the target energy value is increased, 

20 • if . the clipping percentage is between lower and 

upper limit the target energy value remains 
unchanged, 

• if the clipping percentage is above the upper limit 
the target energy value is decreased. 

25 [0010] As a second object the present invention is 

related to an automatic gain control apparatus to control 
the received RF power, comprising an adjustable gain 
amplifier arranged for amplifying a received signal, an A/D 
converter arranged for generating samples of the amplified 

30 signal, a clipping & energy estimation block, arranged for 
the calculation of the clipping percentage and the average 
energy of the sampled signal and a gain calculation block, 
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arranged for determining the target energy value for 
sampled signals and the gain setting of said adjustable 
gain amplifier. 

[0 011] Advantageously the AGC apparatus is 

incorporated in a receiver apparatus. 

[0012] In a specific embodiment of the present 

invention, an integrated circuit or a set of integrated 
circuit devices comprising an automatic gain control 
apparatus according to the present invention is disclosed. 

Short description of the drawings 

[0013] Fig. 1 represents the prior art AGC block 

scheme . 

[0014] Fig. 2 represents the new AGC scheme 

according to the invention. 

[0015] Fig. 3 represents the amplitude of an 

incoming signal . 

[0016] Fig. 4 represents the amplitude of the ADC 

output samples with the classical approach. 

[0017] Fig. 5 represents the clipping percentage 

with the classical approach. 

[0018] Fig. 6 represents the amplitude of the ADC 

output samples with the method of the invention. 

[0019] Fig. 7 represents the clipping percentage 

with the method of the invention. 

Detailed description of the invention 

[0020] The AGC block representing the invention is 

shown in Fig. 2. As opposed to prior art methods as in 
Fig.l the target energy is now changed dynamically. 
[0021] In a typical prior art solution the signal 

from the RF part enters an adjustable gain amplifier (1) . 



31020313 EP 



5 



The control of the amplifier gain is the task of a block 
called 'Energy estimation & gain calculation' (3) . The main 
goal of this block is to optimise the input level of the 
A/D Converter (2) . 
5 [0022] In the method of the invention the energy is 

estimated and averaged over one period, as in the classical 
AGC method. In addition to that, the clipping percentage is 
also computed. 

[0023] Both functions are performed by (see Fig. 2) 

10 the Clipping & Energy Estimation block (3'). The 2 results 
are sent every period time to the 'Gain calculation 7 block 
(4') . This block derives the gain on the same base as 
classical AGC (if target < energy then lower gain; if 
target > energy then increase the gain) . 
15 [0024] In contrast with the classical AGC methods, 

the target energy is not fixed but can vary on the base of 
the clipping percentage. A new parameter called 'clipping 
percentage range' is therefore introduced. It includes a 
lower and an upper limit. The target energy is then set as 
20 follows: 

© If the percentage of clipped samples is greater than 

the upper limit then TARGET = TARGET - STEP__TARGET, 
© If percentage of clipped samples is less than the 
lower limit then TARGET = TARGET + STEP_TARGET, 
25 • .If the percentage of clipped samples falls between the 

limits, there is no change in TARGET. 
[0025] The value of S TE P__TARGE T will determine the 

dynamic of the change of the target . 
[0026] Example for calculating the gain: 

3 0 GAIN = GAIN * (1 + Cste * (TARGET - ENERGY) ) 

Cste is a constant, which is set at the beginning and also 
can control the system dynamic. 
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[0027] The gain setting is then passed to the gain 

amplifier (1) to be used in the next signal period. 
[0028] The main advantage of this method is the 

separation of the setting of *more precision at the ADC (2) 
5 output 7 and the setting of A low clipping at the ADC 
output ' . 

[0029] One can set the clipping level one wants and 

automatically keep maximum precision at the ADC output- If 
the variance or average of the incoming signal changes, the 
10 new AGC scheme will automatically adapt its target energy 
to a more optimal value. E.g. if the variance becomes much 
smaller (with the same average) it means that the gain may 
become larger to have the same amount of clipping. Making 
the gain larger will increase the ADC resolution and thus 
15 increase the receiver performance. In a classical scheme 
with fixed target energy, the target energy will be fixed 
such that in any case a lot of clipping is avoided. So even 
when the gain could be larger because the variance of the 
signal drops, still the gain will remain the same and the 
20 ADC precision is not used optimally, resulting in a worse 
performance. With a classical AGC scheme, having less 
clipping means having low precision. With a dynamically 
adjustable target energy, the output is always optimal. 
[0030] One now has control on every parameter 

25 (clipping and resolution), as well as on the dynamics. As a 
consequence, adapting the AGC block to any situation 
becomes easier. 

C0031J The following example illustrates the 

30 difference between the classical and the novel approach, in 
case of an incoming signal with some changes in the signal 
dynamics. The example makes clear the main advantage lies 
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in taking into account of the signal dynamics: the 
algorithm will always try to keep the clipping rate 
constant instead of having a constant averaged amplitude. 
This leads to a more efficient use of the ADC. 
5 [0032] Fig. 3 shows the incoming signal amplitude 

(averaged over 2560 samples=l slot) . A clear change in the 
signal dynamics can be noticed. 

[0033] In Fig. 4 the amplitude of the ADC output 

samples (again averaged over 1 slot) is shown in case of 

10 the classical approach. The corresponding clipping 
percentage is given in Fig. 5. The algorithm performs well 
as long as the received signal has low dynamics. A stronger 
received signal leads to a rise in the percentage of 
clipped samples. The ADC dynamic range is not used 

15 optimally anymore, as can be seen in Fig . 4 . 

[0034] Fig. 6 and Fig. 7 represent the amplitude of 

the ADC output samples with the method of the invention and 
the clipping percentage, respectively. Both show results 
averaged over 1 slot. Thanks to the adaptation of the 

20 target energy value in the approach described in the 
invention and thus the gain setting, the clipping 
percentage can quickly be reduced to an acceptable level . 
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(3'), arranged for the calculation of the clipping 
percentage and the average energy of the sampled signal and 
a gain calculation block (4'), arranged for determining the 
target energy value and the gain setting of said adjustable 
5 gain amplifier. 

4. The AGC apparatus of claim 3 incorporated 
in a receiver apparatus . 

5. An integrated circuit device or a set of 
integrated circuit devices, comprising an automatic gain 

10 control apparatus as in claim 3 . 
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1. A method to provide an automatic gain 
control (AGO in a receiver structure, comprising the 
following steps: multiplying a received analogue signal 
with a predetermined gain setting to obtain an amplifier 
output signal, sampling the amplifier output signal, 
estimating the energy in the samples, calculating the 
average energy, 

characterised in that the method further comprises the 
steps of : 

computing the percentage of clipped samples, 
- calculating the target energy value, based on the 
average energy and the percentage of clipped samples, 
and the gain setting, 

applying the updated receiver gain setting. 

2. A method, according to claim 1, to 
provide an automatic gain control (AGC) in a receiver 
structure, wherein a lower and upper limit are set for the 
target energy value and the target energy value is 
calculated as follows: 

• if clipping percentage is below the lower limit, 
the target energy value is increased, 

• if clipping percentage is between lower and upper 
limit the target energy remains unchanged, 

© if clipping percentage is above the upper limit the 
target energy value is decreased. 

3 . An automatic gain control apparatus to 
control received RF power, comprising an adjustable gain 
amplifier (1) arranged for amplifying a received signal, an 
A/D converter (2) arranged for generating samples of the 
amplified signal, a clipping & energy estimation block 
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ABSTRACT 

New Automatic Gain Control method 

5 The present invention is related to a method 

to provide an automatic gain control (AGC) in a receiver 
structure, comprising the following steps: multiplying a 
received analogue signal with a predetermined gain setting 
to obtain an amplifier output signal, sampling the 

10 amplifier output signal, estimating the energy in the 
samples, calculating the average energy, and the further 
steps of computing the percentage of clipped samples, 
calculating the target energy value based on the average 
energy and the percentage of clipped samples and the gain 

15 setting, and applying the updated receiver gain setting. 

(Figure 2) 
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